Objective There are limited evidence-based published heart rate ranges for premature neonates. We determined heart rate ranges in premature neonates based on gestational and post-menstrual age. Study Design Retrospective observational study of premature neonates admitted to the neonatal intensive care unit at the University of Virginia between January 2009 and October 2015. We included gestational ages between 23 0/7 weeks and 34 6/7 weeks. We stratified data by gestational and post-menstrual age groups. Results Over two billion heart rate values in 1703 neonates were included in our study. We established percentile-based reference ranges based on gestational and post-menstrual age. Our results demonstrate a slight increase in the initial weeks after birth, followed by a gradual decline with age. The baseline heart rate is lower with advancing gestational age. Conclusions Knowing heart rate reference ranges in the premature neonatal population can be helpful in the bedside assessment of the neonate.
Introduction
In 2015, 383,128 premature neonates ( < 37 weeks gestation) were born in the United States [1] . Premature neonates often require care in a neonatal intensive care unit (NICU) where routine measurement of heart rate (HR) is performed. Published guidelines exist for normal reference ranges in healthy term neonates [2] [3] [4] , but not in premature neonates.
Clinical decision-making is often influenced by the presence of abnormal vital signs, so knowing what is truly normal is paramount. Identifying and using accurate, evidenced-based ranges can appropriately guide clinical care decisions and perhaps improve management strategies and avoid unnecessary treatments. We sought to establish HR reference ranges in premature neonates based on gestational age (GA) and post-menstrual age (PMA) in a large cohort of neonates.
Patients and methods
The Institutional Review Board at the University of Virginia School of Medicine approved this study. We performed a retrospective observational cohort study of all neonates admitted to the NICU at the University of Virginia Children's Hospital between January 2009 and October 2015. We included neonates with GAs between 23 0/7 weeks and 34 6/7 weeks. There were no exclusion criteria. We collected HR data on a dedicated computer cluster. HR values were captured every 2 seconds from the bedside monitor, and analyzed in all neonates until a PMA of 38 6/7 weeks.
Values of HR were stratified by both GA and PMA. Average values for each stratum were calculated and used to generate a heat map. We further sub-divided the data into four clinically relevant GA groups: 23 0/7-25 6/7 weeks (group 1), 26 0/7-28 6/7 weeks (group 2), 29 0/7-31 6/7 weeks (group 3), and 32-34 6/7 weeks (group 4). Percentile curves and tables were constructed for each group.
Results
A total of 2,002,756,757 data points from 1703 premature neonates were included in our study. The median GA was 31 weeks (interquartile range 28-33 weeks). Table 1 shows patient demographics including GA, sex, birth weight, size, race/ethnicity, and delivery type.
We plotted average HR values for each GA/PMA strata to create a heat map (Fig. 1 ). This demonstrates a slight increase in HR after birth followed by a small and gradual decline with PMA. It also demonstrates a lower baseline HR with advancing GA. Figure 2 shows the HR percentiles for each GA group with the 5th-95th percentiles displayed as a function of PMA, demonstrating an overall HR increase during the initial weeks after birth followed by a gradual decline with age. Table 2 shows a HR reference table with 5th and 95th percentile data points listed.
Discussion
There are limited evidenced-based HR reference ranges available for the premature neonatal population. By providing a heat map, percentile curves, and a reference table for this patient population, clinicians will be more informed of appropriate HR ranges, which can potentially lead to improvement in management strategies and more prompt identification of patients in need of immediate medical attention. SGA defined as birth weight < 10th percentile, AGA defined as birth weight between 10-90th percentile, and LGA defined as birth weight > 10th percentile Fig. 1 Heat map of average heart rates based on gestational age and post-menstrual age Considerable attention has been placed in recent years on the issue of alarm fatigue. Although determining appropriate lower limits for alarm settings in the neonatal population was outside the scope of this project, our data provides some interesting insights that may inform future study. For example, among neonates with PMA of 38 weeks, irrespective of GA, we found the 1st percentile and 0.1st percentile of HRs to be 95 and 72, respectively.
Efforts to evaluate the impact of different lower limits on alarm fatigue and response to clinically significant events are needed.
This study has substantial strengths. We have included over two billion data points in our analysis and our patient population includes GAs typically seen in NICUs. There are some additional limitations as well. Our patient demographics, such as race, are not representative of all other Fig. 2 Heart rate percentiles for each gestational age group displayed as a function of post-menstrual age institutions. It is possible some of these demographic factors unknowingly influence HR values. It is also possible that confounders other than vasoactive use and supplemental oxygen exist in this dataset.
Analysis of HR values from a large cohort of premature neonates has provided a useful heat map, percentile curves, and a reference tables in this vulnerable population. These results can be used at the bedside while assessing the critically ill neonate. Additional research efforts will focus on the development of an interactive website that will be easily accessible to all care providers. Gestational age and post-menstrual age are shown in weeks.
